Background: Living alone is associated with increased mortality after myocardial infarction but little data is available about whether this applies to prognosis after stroke. We aimed to examine the association between living situation and long-term mortality in patients with ischemic stroke and a control group, and to explore whether this association is modified by patient gender. Methods: This is a prospective case-control study of 600 patients with ischemic stroke before 70 years of age and 600 age-and sex-matched controls who have been included in the Sahlgrenska Study on Ischemic Stroke. Mortality data were collected through national registers and medical records. We used Cox regression models for identifying predictors of mortality.
Background
Living arrangements have changed markedly in recent decades [1, 2] . In many Western countries as many as 30 % of the population are now living alone, and the proportion of middle-aged people living alone has increased quite dramatically. Marriage has long been known to be associated with reduced mortality [3] , but this protective effect seems to be attenuated at older ages [2, 4, 5] . Studies that have specifically investigated living situation (i.e. cohabitant status) have found a strong association with mortality [6, 7] . With regard to vascular disease, a recent large register study from Finland shows that living situation is a stronger determinant for long-term fatality after myocardial infarction (MI) than for incidence of MI [1] . This study and a community-based study from Canada indicate that the increased mortality after MI in patients living alone is restricted to males [1, 7] , findings that are in line with studies showing that for general mortality, the protective effect of marriage is stronger in men compared to women [2, 4, 5, 8] .
Evidence is scarce regarding living alone as a predictor of mortality after stroke. Waje-Andreassen et al. prospectively followed 232 young patients with ischemic stroke and found that living alone was a predictor of long-term mortality [9] . The Manhattan stroke study identified social isolation, but not living alone, as a predictor of a combined outcome of vascular events and/or death [10] . In a more recent study based on Riks-Stroke, living alone was an independent predictor of short-term post-stroke mortality [11] . In this study the association between living situation and one-year mortality was only significant in men. Furthermore, the difference in mortality related to living situation increased during the one-year follow-up, and it was less pronounced in older age groups. These findings motivate studies of young and middle-aged patients using a more long-term follow-up period. Moreover, initial stroke severity is a well-recognized predictor of post-stroke mortality, and a recent study suggests that stroke severity is associated with living situation [12] . Thus, it may also be of importance to take into consideration the possible influence of stroke severity on the association between living situation and post-stroke mortality.
The current aim was to examine the association between living situation and mortality by conducting a very long-term follow-up of young and middle-aged ischemic stroke patients and controls, and to determine whether this association was independent of initial stroke severity and stroke subtype, as well as vascular risk factors and other socioeconomic factors. Because prior studies have suggested that men may be more susceptible to the effects of living alone [2, 4, 11] , we also wanted to explore whether this association was modified by patient gender.
Methods

Study design and baseline data
The sample comprised participants from the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS), which has been described in detail elsewhere [13] . In brief, it included 600 patients with ischemic stroke consecutively recruited at four stroke units in western Sweden between 1998 and 2003, and 600 controls randomly selected to match the cases with regard to age, gender and geographical area. SAHLSIS included patients below 70 years of age, which allowed for long-term follow-up. In view of inclusion being hospital-based, it is worth noting that according to the Swedish National Guidelines for Stroke Care from 2005, all patients with suspected stroke should be hospitalized in a stroke unit regardless of stroke severity. Even before these guidelines were launched in Sweden, more than 95 % of patients with suspected stroke before 74 years of age were hospitalized [14] .
Stroke severity was assessed using the Scandinavian Stroke Scale (SSS). Etiologic stroke subtype was classified according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) system. Cryptogenic and undetermined stroke were analyzed as separate groups and were defined according to the following criteria: no cause identified after a broad evaluation had been done and when more than one cause was identified or when the evaluation was insufficient, respectively. For more details on stroke subtyping, see Additional file 1.
Living situation was categorized as living with a partner or an adult family member (sibling or child over 20 years of age or parent) versus living alone at the time of index stroke for cases and at baseline for controls. Information on living situation and vascular risk factors was obtained from structured questionnaires, an interview, and examinations at inclusion. Definitions of vascular risk factors, comorbidities, occupational classification, leisure-time physical activity, and self-perceived psychological stress have been described elsewhere [13, 15, 16] . The definitions of waist-hip-ratio categories, alcohol consumption, prestroke disability, and personal history of coronary heart disease are given in the Additional file 1.
Follow-up and outcomes
By using the unique 10-digit Swedish person identity number, all participants who had died by the 31 st of December 2010 were identified. Information on the cause of death was obtained from the Swedish Cause of Death Register, which is based on the International Classification of Diseases, 10 th Revision (ICD10). We also reviewed medical records within 6 months prior to death, both for participants who died at hospital and who died at home. Causes of death were categorized into vascular deaths and non-vascular deaths. For a detailed description of the collection and classification of data on death see the on-line Additional file 1.
Statistical analysis
Comparisons between living situation groups were examined with the χ 2 -test or Fisher's exact test as appropriate for the categorical variables and with the Students t-test for the continuous variables. The survival function and corresponding 95 % confidence intervals (CI) for the follow-up period were estimated according to the Kaplan-Meier method.
Univariable Cox regression analyses for all-cause and vascular mortality were performed for age, gender, living situation, vascular risk factors, socioeconomic factors, stroke severity, and stroke subtype. As SSS scores were skewed and could not be transformed to normal distribution, stroke severity was classified as severe (0-25), moderate (26-42) and mild (43-58) [17] . Occupational classification, physical activity, alcohol consumption, psychological stress, and smoking were considered as possible confounding factors regardless of P value in the univariable analyses. In the multivariable models, the impact of living situation for all-cause and vascular mortality was analyzed by creating Cox regression models where we included the predefined confounding factors as well as variables with P < 0.1 in the univariable analyses. Missing values concerning the categorical variables were included as dummy variables. In the multivariable analysis of all-cause mortality there was a significant interaction between gender and living situation, and thus men and women were entered separately into this model. The assumption of proportional hazards was checked for each covariate through the cumulative sums of martingale residuals (ASSESS statement in the PROC PHREG analytical procedure in SAS statistical package 9.3, which estimates parameters in a Cox regression model procedure). To maintain the assumption of proportional hazards, the effects of sedentary leisure time, personal history of coronary heart disease [18] and the stroke subtype cryptogenic stroke were entered into the multivariable model for all-cause mortality as timedependent variables, as these variables displayed a varying influence on mortality during the follow-up period.
Results
The mean age for all participants at inclusion was 57 years, and 64 % were males. All patients were followed for a minimum of 7.0 years or until death, and their median time of follow-up was 8.8 years (interquartile range (IQR) 7.7-10.0), corresponding to 5,080 person years in total. Median follow-up time for controls was 8.2 years (IQR 7.7-10.0), in total 5,199 person years. No patient or control was lost to follow-up. However, four participants moved abroad, but were followed for a minimum of 4.4 years.
Of the 600 patients, 176 (29.3 %) were living alone at baseline, and the proportion of controls living alone was similar (n = 163; 27.2 %). sedentary leisure-time, and pre-stroke disability. Baseline characteristics for controls according to living situation are shown in Additional file 1: Table S1 .
During the follow-up period, 112 (18.7 %) patients and 34 (5.7 %) controls died, which corresponds to 22.0 and 6.5 deaths per 1,000 person years, respectively (log rank P < 0.001). The cumulative rates for all-cause mortality for patients were 2.0 % (95 % CI 0.8-3.2 %) at 1 year, 9.5 % (95 % CI 7.1-11.9 %) at 5 years, and 20.2 % (95 % CI 16.7-23.7 %) at 10 years. For controls these rates were 0 % at 1 year, 2.2 % (95 % CI 1.0-3.4 %) at 5 years, and 8.0 % (95 % CI 4.9-11.1 %) at 10 years.
The increased mortality for patients was mainly due to vascular causes and lung cancer. Seventy-two (64.3 %) deaths among patients and 9 (26.5 %) deaths among controls were due to vascular causes. The proportion of cancer deaths that was due to lung cancer was 52.4 % and 25.0 % for cases and controls, respectively. Figure 1 displays the causes of death in patients according to living situation. The proportion of deaths due to vascular causes was greater in patients living alone compared to cohabitant patients (P < 0.001). With regard to miscellaneous causes, three patients committed suicide, one of whom was living alone before the index stroke. The proportion of deaths due to vascular causes was 33.3 % in controls living alone and 21.1 % in cohabitant controls.
Subjects living alone had a higher mortality rate compared to cohabiting subjects throughout the follow-up period. The cumulative mortality rate was 36.1 % among patients living alone compared to 16.6 % among cohabiting patients and 14.8 % among controls living alone compared to 8.8 % among cohabiting controls (log rank P < 0.001, Fig. 2a ). For male and female patients living alone, the mortality rates were 44.1 % and 23.3 %, respectively, compared to 14.1 % for cohabiting male patients and 22.1 % for cohabiting female patients (log rank P < 0.001, Fig. 2b) . A similar gender pattern was seen in controls (log rank P = 0.007, Fig. 2c ). As expected, the mortality rate also varied by stroke subtype (log rank P < 0.001, Fig. 2d ). Table 2 presents crude and adjusted associations between baseline characteristics and all-cause mortality in patients. In the multivariable Cox regression model there was an interaction between gender and living situation (P = 0.02). Among male patients, living alone was an independent predictor of all-cause mortality, whereas no significant association was detected for female patients. When restricting the analysis to vascular mortality, living alone remained as an independent predictor of mortality in the entire group, but there was no significant interaction between gender and living situation (Additional file 1: Table S2 ).
Living alone was a predictor for all-cause mortality also among controls (hazard ratio (HR) 2.45, 95 % CI 1.23-4.86; P = 0.011). This association was independent of age and gender, but due to the low number of deaths in this group, further adjustments were not done.
Discussion
In this longitudinal study of young and middle-aged patients with ischemic stroke living alone was as an independent predictor of long-term mortality. The unique contribution of this study includes a long and complete follow-up and a well-characterized cohort that allowed us to account for a range of covariates including important potential confounding/mediating factors. Our study also included a population-based control group with a mortality rate that was less than half of that of cases.
The finding that living alone predicts long-term poststroke mortality is in line with the results presented by Waje-Andreassen et al. [9] . In addition, our results also show that the increased mortality among patients living alone is mainly due to vascular causes, and that the association between living situation and long-term mortality is independent of vascular risk factors, other socioeconomic factors as well as stroke severity and subtype. Furthermore, we observed more deaths from infections among patients living alone, but this finding was based on small numbers.
We also found a significant interaction between gender and living situation, and male patients living alone were twice as likely to die as female patients living alone. This finding is supported by recent data on 1-year poststroke mortality from Riks-Stroke [11] and by studies on mortality after MI [1, 7] . Consistent with populationbased studies, we also observed a gender-specific difference in mortality among controls living alone [2, 4] .
The mechanisms by which living alone can affect long-term post-stroke mortality remain to be determined. Living alone may be viewed as a proxy for low social support, and for coronary heart disease, biological mechanisms such as proinflammatory and prothrombotic states and psychological distress have been proposed [19, 20] . Moreover, health-compromising behaviors such as smoking, heavy drinking, physical inactivity, less frequent dental visits, and impaired medication adherence have been associated with living without a partner [19, 21] , and are thus likely to mediate some of the effect, although some of these variables were accounted for in the present study. There are many potential mechanisms that may explain the gender-specific difference in mortality among stroke patients living alone. As a couple of examples, men appear to be more dependent on the encouragement of their spouses to seek medical attention for cardiovascular symptoms compared to women [22] , and men living alone has a higher likelihood of having an unhealthy diet compared to women living alone and cohabitants persons [23] .
Regarding other predictors of post-stroke outcomes, we found that the stroke subtypes of large vessel disease and cardioembolic stroke, as well as diabetes mellitus, were independent predictors of long-term mortality, in similarity with other studies [24, 25] . Stroke severity has been recognized as a predictor for long-term mortality [26] , but in the present study an increased mortality was only detected for the group with moderate stroke severity. However, the lack of an association with severe stroke is most likely explained by the low number of patients in this group in the age group under study here. It is also of note that in contrast to a recent study from US (12), we did not observe any association between living situation and stroke severity. A possible explanation may be differences in case mix.
Strengths of the present study include the large and well-characterized sample of consecutively recruited ischemic stroke cases with complete long-term follow-up and with detailed information on cause of death. There are also some limitations to be considered. Biases in selection of subjects may occur in case-control design. However, in Sweden, practically all patients with stroke are hospitalized, regardless of stroke severity, and the early case fatality for the age group under study is low. Thus, as expected, cumulative mortality rates in the present cohort was similar compared to population-based studies [26, 27] .
Living situation may change during the follow-up period, but 7-year follow-up data for surviving patients in the present study showed that only a very minor proportion had changed living situation (see Additional file 1). Depression is increasingly recognized as associated with mortality after stroke [28] , but we lacked data on depression at baseline. However, according to a literature review, depression and low social support are independent predictors of poor outcomes after coronary heart disease [29] . We had no information on non-prescribed narcotics, but no patient was hospitalized due to drug abuse during the 7-year follow-up. Finally, we had no data on medication during follow-up and thus cannot exclude that differences in prescription have influenced the results, although treatment compliance probably has a greater impact as discussed above.
Conclusion
In conclusion, living alone predicts long-term mortality after ischemic stroke in young and middle-aged subjects, and the association is independent of vascular risk factors and several other socioeconomic factors as well as stroke severity and subtype. In line with existing evidence after MI, this association was confined to men. Further studies are required to confirm the gender-specific influence, and to identify underlying mechanisms.
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